Cigarette smoking is a risk factor for progression of periodontitis, which effects on the incidence, extent and severity of the periodontal disease and no other known factors can be harmful as much as smoking to the periodontal tissues. The purpose of this study was to determine clinical and histopathological effects of smoking on free gingiva in smokers and non-smokers with chronic periodontitis.
is associated with pocket formation or gingival recession or both. (2, 3) According to the WHO reports, periodontitis is the most commonly known disease in humans in most parts of the world, with a high prevalence, so that almost half of the children and almost all adults are also affected. (4) The early stage of the disease is gingivitis, in which the junctional epithelium remains on its initial position on the teeth. (5) If the inflammatory process involves gums and the periodontium and periodontal attachment loss has occurred, this condition should then be defined as the so-called periodontitis. (6) The most common form of periodontitis is chronic periodontitis, which is associated with plaque formation and progresses at a slow to moderate rate, but severe destructive courses may also be encompassed. (2, 3) Disease progression rate can be influenced by local, systemic, or environmental factors that are affected by the host-bacterial natural reaction. (2, 3) Clinical attachment loss (CAL) is the clinical appearance detected in periodontitis and not in gingivitis. (7) It usually connected with pocket formation, density changes, and changes in the adjacent alveolar bone height. (7) Periodontitis can be divided into three forms of chronic periodontitis, aggressive periodontitis, and periodontitis as a manifestation of systemic disease. (7) Periodontitis is not an age-related disease, but an age-associated disease. (7) The severity of the disease can be mild, moderate, and severe; CAL of 1-2 mm indicates mild damage, CAL of 3-4 mm suggests moderate damage, and CAL of 5 mm indicates severe damage. (6) Smoking is common in low-income adults, more than that in middle-or high-income adults, whereas it is less in people with higher levels of education. (6) Evidence shows that regardless of age, sex, and plaque index, smokers and ex-smokers are 7.2 and 3.2 times more likely to develop periodontal disease than non-smokers, respectively, and that smoking can affect the periodontal tissue more in men than in women. (8) Several studies have been done on smokers and found that there is no difference in plaque formation compared with non-smokers, which indicates that if changes such as loss of alveolar bone of compromised periodontal condition and increased number of missing teeth have occurred, it contributes to qualitative changes in the plaque, not to qualitative changes. (5) On the Today, cigarette smoking and tobacco use are considered as one of the greatest threats to human health in the world. (1) According to the World Health Organization (WHO), annual tobacco consumption results in an average of 4.5 million deaths in the world.
(1) Tobacco use is the most important factor for deaths in more than two-thirds of people in developing countries, resulting in more premature deaths due to tobacco use than those due to HIV, tuberculosis, and birth complications.
(2) Dependence on tobacco products such as cigarettes is chronic and dangerous.
(1) Cigarette smoke contains more than 3800 chemicals, including carbon monoxide, hydrogen cyanide, and oxidizing radicals (1) (2) (3) , and 60 of these chemicals are known as carcinogens or suspected carcinogens.
(1-3) Tobacco smoke contains carbon monoxide, thiophosphate, hydrogen cyanide, and nicotine and its metabolites. (1) (2) (3) Nicotine is a substance that causes people to become addict to smoking. (1) (2) (3) Smoking harms nearly every organ of the body, causing several diseases and reducing the general health; hence the immediate withdrawal of smoking has long-term benefits and in general improves the body health.
(3) Some of the diseases caused due to smoking are abdominal aortic aneurysm, acute myeloid leukemia, cataract, cervical cancer, kidney cancer, pancreatic cancer, pneumonia, periodontitis, and stomach cancer, in addition to previously known diseases such as cancers of the bladder, esophagus, larynx, lung, mouth, and throat, and chronic lung disease, coronary heart disease, cardiovascular disease, and sudden infant death syndrome. (3) A strong association between smoking and periodontal diseases, alveolar bone loss, tooth mobility, increase in probing depth, and tooth loss has been reported more significantly in smokers than in non-smokers.
(1) The effect of smoking on the periodontal tissue is dependent on the dose and duration of use.
(1) Studies show that 40% of chronic periodontitis may be attributed to smoking.
Materials and Methods
other hand, a smoker's microvascular system in comparison with non-smokers exhibits significant changes in blood flow that lead to reduction of the clinical signs of inflammation.
(5) As a result, smokers have less bleeding during probing than non-smokers.
(5) Attachment loss and alveolar bone loss are more common in smokers. (5) Although the exact mechanism is not known, the effects of smoking on periodontal status, the host response to bacterial plaque, and the wound healing response in the host can have significant effects. (6) Most of these disorders affect blood vessels and their function, namely their ability to deliver oxygen, nutrients, and growth stimulants of tissues. (6) Even a slight change in the arteries can have significant effects on tissues and reduce the treatment response in smokers. (6) Smokers do not respond to mechanical treatment compared to non-smokers, due to the high levels of microorganisms such as Aggregatibacter actinomycetem comitans, Tannerella forsythia, and Porphyromonas gingivalis in post-treatment, and the bacterial level is higher in smokers. (9) There are several components in tobacco smoke that may be associated with immunosuppression. (3) Smoking primarily causes a change in the host response to the pathogens in the periodontal tissue so that the impact on mechanisms leads to destruction of the surrounding healthy gum tissue. (3) In smokers, the number of neutrophils in the systemic circulation is increased, while these cell numbers are reduced in the gingival sulcus. (3) Smoking also affects their performance so that it impairs neutrophil chemotaxis and phagocytosis. (3) Probably there are some carcinogenic substances in cigarette smoke that are involved in the etiology of mouth neoplasia. (10) Because of the lack of clear findings regarding the process of tissue changes in chronic periodontitis in smokers, and given the large number of smokers in the country, and also as regards that the oral cavity is the first part of the body exposed to cigarette smoke, we investigated the histopathological effect of smoking on free gingiva in smoker patients with moderate to severe chronic periodontitis in comparison with non-smokers.
This was a case-control study in which the effect of smoking on palatal gingiva of teeth 6 and 7 in 72 patients with moderate to advanced chronic periodontitis (attachment loss >3 mm) referred to Guilan Dental School was analyzed. Half of them were (n = 36) smokers and the other half (n = 36) were non-smokers. In this study, the sampling method was simple sampling. Heavy smokers were analyzed according to the Centers for Disease Control and Prevention (CDC) criteria. Pregnant women, people who had used substances other than cigarettes and other drugs, and all people with a systemic disease were excluded from our study. Data were collected before the start of surgical periodontal treatment and included demographic data, patient's smoking or non-smoking status, smoking and its duration (according to the patient's statements), surgical area probing depth, surgical area's CAL, the average thickness of stratum corneum, the average thickness of the inner and outer epithelium in the maximum and minimum thickness, connective tissue collagenization, and blood vessels in each area. Probing depth of the area where the gum tissue was removed during surgery was measured. All patients underwent undisplaced flap surgery, and part of the palatal gingival collar 6 and 7 maxillary teeth were removed and collected as a sample. Samples collected from the patients were placed in 10% formalin for fixation for at least 24 h and were then sent to the pathology laboratory in the private sector. After the usual procedure, paraffin blocks of specimens were prepared. Then, 5-µm-thickness paraffin blocks were cut and stained in the usual manner with hematoxylin eosin (H&E). After mounting the specimens on a glass slide and drying, the specimens were ready for light microscopy examination. First, three to six microscopic images were taken with a magnification of 10× from each slide, which included the maximum thickness of the internal and external epithelium areas and the minimum area and the stratum corneum. Measurement was performed at three points in any point, and the average size for areas with a maximum and a minimum thickness of the epithelium and stratum corneum was expressed. Collagenization of the connective tissue was also observed and recorded. In addition, the number of blood vessels was observed with 40× magnification in three areas. After microscopic examination, the results
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were recorded on the questionnaire for each patient, and the data were analyzed by one-sample, Smirnov test, Pearson correlation, and linear regression, with significance set at P < 0.05.
This study was performed on 72 tissue samples obtained from72 patients, including 44 men (61.1%) with an average age of 47.5±5.12 years and 28 women (38.9%) with an average age of 44.84±5.12 years. The overall average age of both groups was 46.31±5.22, with a range of 59-36 years. There was no statistically significant difference between the two groups according to age. The smoker group included 26 men and 10 women, and the non-smoker group included 18 men and 18 women. (Table 1 ) Based on the research findings, in both smokers and non-smokers, there was no statistically significant difference in terms of age, pocket depth, and minimum thickness of the outer epithelium. However, regarding CAL, the maximum thickness of the inner and outer epithelium, minimum thickness of the inner epithelium, stratum corneum thickness, and capillary density showed a statistically significant difference between the two groups. (Figure 1 and 2 ) Because of the qualitatively of collagenization variable, we analyzed it separately, so that collagenized connective tissue was observed in 21 men (80.7% of smoker men) and 7 women (70% of smoker women), and also in 4 men (22.2% of non-smoker men) and 4 women (22.2% of non-smoker women). Collagenized connective tissue was not observed in 5 men (19.3% of smoker men) and 3 women (30% of smoker women), and in 14 men (77.8% of non-smoker men) and 14 women (77.8% of non-smoker women). Collagenization of the connective tissue was more significant in smokers than in non-smokers (P < 0.001) (Figure 3 ). In the both non-smoking group collagenization of connective tissue of 8 cases (22.2%) was observed, while in the both smoker group at 8 cases (22.2%) was not observed. (Table 2 ) According to Table 1 , regarding the correlation between age and gender and smoking, a statistically significant difference was observed among the variables capillary density, CAL, stratum corneum thickness, maximum and minimum thickness of the inner epithelium, and maximum thickness of the outer epithelium in relation to cigarette smoking. In addition, a statistically significant difference was observed among the variables pocket depth, stratum corneum thickness, maximum and minimum thickness of the outer epithelium in relation to gender. Finally, the linear model test stepwise method showed that the maximum and minimum thickness of the inner epithelium and CAL, with odds of 0.061, 0.129, 0.139, and 0.137, were the only effective variables, but they did not have any predictive power, because the significance level was more than 0.05.
Smoking is one of human's health risks with a widespread prevalence, which causes serious risks. (4) Some of the harmful effects of tobacco include reduced blood flow, tissue hypoxia, collagen deposition, prostacyclin formation, impaired polymorphonuclear neutrophil function, increased fibrinogen, increased blood viscosity, and increased systemic epinephrine and norepinephrine levels. In fact, the stomatogastric system generally suffers from the effects of tobacco byproducts. (11) This study investigated the histopathological and clinical effects of smoking on free gingiva using a sample size of 72 patients with moderate to advanced chronic periodontitis. The results of this study showed that CAL was significantly higher in smokers than in nonsmokers, while the probing depth between the two groups showed no significant difference (probing depth was slightly higher in non-smokers than in smokers, but the difference was not significant). The results of studies done by Gunsolley et al. (12) , Thomson et al. (13) , Souza et al. (14) , Sreedevi et al. (10) , and Anand et al. (15) were similar to our results, and also regarding the pocket depth, the results of our study were similar to those reported by Bouclin et al. (16) In this study, the maximum thickness of the inner and outer epithelium and the minimum thickness of the inner epithelium were significantly higher in smokers than in non-smokers. Although the minimum thickness in the areas of the outer epithelium was greater in smokers, the difference was not significant. In general, the thickness of the inner and outer epithelium of smokers was significantly higher, which was similar to the result reported by Titta et al. (17) and Bajagic et al. (18) , while Villar et al. (19) and Gultekin et al. (4) did not find significant differences in the epithelium thickness between smokers and non-smokers. This difference could be due to the more number of cases in the present study and the samples being obtained from the palate, solely, which is mostly affected by cigarette smoke, whereas in the other studies, the samples were obtained from different parts of the mouth. The vessel density in non-smokers was significantly higher than that of smokers in this study, whereas Lindeboom et al. (20) reported no significant difference between the two groups, and Rahman et al. (21) reported increased density of blood vessels in smokers. This difference could again be due to the more number of cases in this study than the study by Rahman et al. (21) In this study, the amount of connective tissue collagenization was significantly higher in smokers than in non-smokers, which is in accordance with the results of Bouclin et al. study (16) , whereas Titta et al. (17) reported less connective tissue collagenization in smokers due to the consumption of fumigant tobacco. Smokers' stratum corneum thickness was significantly higher than that in non-smokers in this study, which is similar to the result of studies by Titta et al. (17) , Saebi et al. (22) , Villar et al. (19) , Bajagic et al (18) , and Gultekin et al. (4) In this study, in general, the thickness of the inner and outer epithelium, stratum corneum thickness, the amount of connective tissue collagenization, and CAL were higher in smokers than in non-smokers; however, vessel density was higher in non-smokers than in smokers. The results of this study and other similar studies demonstrate that cigarette smoking has harmful effects on the periodontium and oral mucosa.
Regarding the high prevalence of oral cancer in smokers, it is suggested that dentists must remind the patients about the oral problems caused by smoking and encourage them to abandon the habit of smoking.
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